Background
Results
A H. pylori positive test was recorded for 76,992 (52.0%) individuals and diabetes for 12,207 (8.3%). The prevalence of diabetes was similar in individuals with and without H. pylori infection, but this association was modified (P for heterogeneity 0.049) by body mass index (BMI): adjusted odds ratio (aOR) 1.16 (95% confidence intervals (CI) 1.04-1.29) in persons with BMI<25 kg/m 2 versus aOR 1.03 (95% CI 0.98-1.08) in persons with BMI!25 kg/m 2 . Diabetes mellitus prevalence was higher in persons with gastric (aOR 1.20 (95% CI 1.06-1.34)) and duodenal ulcers (aOR 1.20 (95% CI 1.12-1.28)) compared to persons without these diagnoses.
Conclusions
In this large population-based study, we demonstrated significant positive associations, albeit of small magnitude, of H. pylori infection and peptic disease with diabetes. The longterm gastric inflammation and associated-damage to the gastric mucosa might play a role in such associations.
Introduction
Diabetes mellitus (DM) is a major public health problem, with increasing prevalence globally [1] . The major burden (90-95%) is caused by type 2 DM, which typically develops in adulthood and is characterized by variable levels of insulin resistance, impaired insulin secretion and increased glucose production [2] . Established risk factors for type 2 DM include sociodemographic factors [3] [4] [5] and lifestyle e.g., obesity, physical inactivity, poor diet and smoking [3, 6, 7] . However, these factors do not fully explain the occurrence of the disease.
Infections have been postulated to play a role in the pathogenesis of type 2 DM [8, 9] , through the involvement of low grade systemic inflammation. The bacterium Helicobacter pylori is of particular interest, given its chronic course and persistent inflammation.
H. pylori colonizes the human stomach for decades, usually without causing apparent disease. H. pylori causes chronic gastritis, gastric and duodenal ulcers, and in rare occasions gastric cancer and lymphoma, which usually develop during adulthood [10] . H. pylori infection might also play a role in extragastric diseases [11] , such as unexplained iron deficiency anemia and idiopathic thrombocytopenia [12] .
Several studies have addressed the relationship between H. pylori infection and DM; however, the findings are conflicting [8, 9, [13] [14] [15] [16] [17] . Two meta-analyses of observational studies reported significant positive associations between H. pylori infection and DM with pooled odds ratios of 1.33 and 2.0 [18, 19] . However, the crude results of the original studies were combined in these meta-analyses, rather than the adjusted results; therefore, the impact of confounding could not be ruled out. Consideration of age, socioeconomic status and body mass index (BMI) are especially important, given the associations of these factors with both H. pylori infection and DM [4-7, 20, 21] . Adjustment for these and other confounders was limited in many of the previous studies on H. pylori and DM. Moreover, most of the evidence on the association between H. pylori infection and DM is based on small samples. Large populationbased studies are essential, since the postulated relationship between H. pylori infection and DM appears to be of small magnitude. Gastric inflammation and damage to the gastric mucosa may be at the base of an association between H. pylori infection and DM. However, the role of peptic ulcers, which develop following persistent gastric inflammation in DM, has rarely been assessed.
The aim of the current large population-based study was to examine associations of H. pylori infection, and of gastric and duodenal ulcers, with DM. We also examined whether such associations differ by age and BMI. Our hypothesis was that positive associations would be found of H. pylori infection, and of related gastroduodenal diseases, with DM prevalence.
Materials and methods

Study design and population
A cross-sectional study was conducted using anonymous data retrieved from the computerized database of Maccabi Health Services (MHS). MHS is the second largest health maintenance organization in Israel, with two million insured persons (~25% of the Israeli population). The source population comprised adults aged !25 years insured in MHS who performed the Urea Breath Test (UBT) between 2002 and 2012. Individuals were excluded from the study population if they used anti-H. pylori eradication therapy (according to purchases of medications) or proton pump inhibitors four weeks before the UBT. Persons with a history of bariatric surgery and recent cancer diagnosis (within three years from the UBT) were also excluded.
Data extraction and definitions
Information was obtained on the results of UBT, diagnoses of DM, hypertension, dyslipidemia, gastric ulcers, duodenal ulcers, H. pylori-gastritis, birth year, sex, town of residence, smoking (ever, never, and unknown) and BMI (weight in kilograms (kg)/height 2 in meters (m)). H. pylori positivity was defined based on the UBT result; individuals were classified as H. pylori positive if they had a UBT result >3.5, and negative if the test result was 3.5. If more than one UBT was performed, we used the first test to determine H. pylori positivity. The presence of gastroduodenal diseases was defined based on the following codes of the international classification of disease, 9 th revision (ICD-9): H. pylori-gastritis (41.86), gastric ulcer (531) and duodenal ulcer (532). DM was defined based on entry to the MHS DM registry. Persons having at least one of the following criteria were classified as diabetic: 1) HbA1c !7.25%; 2) glucose !200 mg/dL; 3) diagnosis in the medical chart of DM based on any ICD-9 relevant code, and HbA1c !6.5% or glucose>125 mg/dL; 4) purchase of anti-diabetic medications twice in the previous two months [22] . Anti-diabetic medications can be purchased by prescription only, and data are routinely sent to primary care physicians for final validation.
Hypertension was defined based on entry to the MHS hypertension registry [23] . Individuals were classified as hypertensive if they had two or more physician's diagnoses of hypertension or diagnosis from hospital records, and two or more blood pressure measurements with systolic blood pressure !140 mmHg or diastolic blood pressure !90 mmHg. If a diagnosis of hypertension was lacking, four documented abnormal blood pressure measurements were required with !50% of systolic and diastolic blood pressure measurements of >160 and >90 mmHg, respectively. Persons with !6 dispensed hypertension medications were also classified as hypertensive [23] .
Dyslipidemia was determined based on diagnoses codes (ICD-9 th code 272 and its subhierarchy, and equivalent MHS internal codes), documented by a physician twice or more in the medical record. Socioeconomic status was defined based on the socioeconomic rank of place of residence at the level of town, as defined by the Israel Central Bureau of Statistics [24] . The ranks are on a scale from 1 to 10, with higher ranks representing a higher socioeconomic status. This aggregative socioeconomic index reflects a combination of basic characteristics of a specific geographical unit investigated, mainly financial resources of the residents, housing conditions, motorization level, education and employment [24] . Communities with socioeconomic ranks of 1-5, 6-7 and 8-10 were classified as low, intermediate and high, respectively. Country of birth was classified as: Israel, Former Soviet Union (FSU), America/Europe (excluding countries of the FSU), North Africa/Asia and other/unknown.
Statistical analysis
The Chi square test was used to examine associations of DM with H. pylori infection and with related gastroduodenal diseases. The Chi square test was also used to examine differences between H. pylori infected and uninfected individuals in sociodemographic variables, BMI and smoking; as well as differences between diabetic and non-diabetic patients according to these variables. Age-adjusted Mantel-Haenszel Odds Ratios (OR MH ) and the corresponding 95% confidence intervals (CIs) were calculated to examine associations of H. pylori infection (based on UBT), gastric ulcer and duodenal ulcer, with DM prevalence.
Multivariable logistic regression models were fitted, while adjusting for age, socioeconomic status, country of birth, hypertension, dyslipidemia, BMI and smoking. Adjusted OR (aOR) and 95% CIs were obtained from these models. The analyses were performed in stratification by age group (25-29, 30-39, 40-49 , 50-59, 60-69 and 70-95 years) and BMI (<25 versus !25 kg/m 2 ), separately for each exposure variable: H. pylori infection (based on UBT), gastric ulcer, and duodenal ulcer. Additional analysis was done while adding both variables H. pylori infection (based on UBT) and gastric ulcer, as well as a different analysis with the variables H. pylori infection and duodenal ulcer.
Using the chi square test for heterogeneity, the effect modification by age and BMI was assessed.
Two-sided P<0.05 was considered significant. Data were analysed using SPSS version 23 (IBM, Armonk, New York, USA) and WinPepi [25] Ethical consideration
The study protocol was approved by the Helsinki committee of Assuta Medical Center and the ethics committee of Tel Aviv University. Since this is a retrospective study in which we used coded (anonymized) administrative data from electronic medical records, exemption from informed consent was granted by the Helsinki committee.
Results
Among 158,059 individuals aged 25-95 years who underwent UBT between 2002 and 2012, 147,936 met study inclusion criteria and their data were analyzed. The mean age of the eligible persons was 42.8 years (standard deviation 12.7); about 39% of them were males, and 24.3% were born in the FSU. In total, 76,965 (52.0%) were H. pylori positive (UBT>3.5). Diagnoses of H. pylori-gastritis, gastric ulcer and duodenal ulcer were documented in 50,035 (33.8%), 3153 (2.1%) and 10,366 (7.0%) individuals, respectively. DM was determined in 12,2207 (8.3%) persons and obesity (BMI!30 kg/m 2 ) in 25,910 (17.5%). The prevalence of H. pylori infection (based on UBT results) increased from 48.2% in persons aged 25-29 years to 55.1% and 56.9% in persons aged 30-39 and 40-49 years, respectively; and decreased gradually in older age groups. The prevalence of H. pylori infection differed according to country of birth, being highest in those born in the FSU countries (59%), and lowest (36%) in those born in the Americas/Europe ( Table 1) .
The pattern of the age-specific prevalence of H. pylori infection found in the entire cohort (Table 1) was also evident for subgroups of persons who were born in Israel, in the FSU and in Asia/North Africa, but not for the subgroup of persons who were born in Europe and the Americas (Fig 1) .
The prevalences of H. pylori infection was similar between men and women. A significant gradual decrease (P<0.001) was observed in the prevalence of H. pylori infection according to socioeconomic status of place of residence, and a significant increase was found with increasing BMI (Table 1) . H. pylori infection according to UBT was associated with an increased likelihood of having a diagnosis code of H. pylori-gastritis (age-adjusted Mantel-Haenszel OR 3.86 (95% CI 3.76-3.94) and gastric ulcer (age-adjusted Mantel-Haenszel OR 1.20 (95% CI 1.11-1.28)).
The prevalence of DM increased significantly (P<0.001) with increased age and BMI, and decreased according to socioeconomic rank of place of residence (P<0.001). It also differed according to country of birth (S1 Table) . DM was slightly more common in men than in women (P<0.001), and markedly more prevalent in individuals with hypertension and/or dyslipidemia (S1 Table) .
Associations of H. pylori infection, and of gastric and duodenal ulcer, with DM
Overall, in a crude analysis, prevalences of DM among H. pylori infected and uninfected patients were 7.9% vs 8.6%. Higher prevalence was found in persons with a diagnosis of gastric ulcer (14.8% vs 7.6%) and duodenal ulcer (14.1% vs 8.1%) than in those without such diagnoses. Age-adjusted and age-stratified results. The age-stratified prevalences of DM according to each independent variable (H. pylori infection by UBT, gastric ulcer and duodenal ulcer), and BMI, are presented in Table 2 (Table 3A) .
There was evidence (P = 0.02 for heterogeneity) for a positive association between H. pylori infection and DM prevalence, which differed by age: OR range of 1.51-1.10 for ages 25-59 years, and non-significant associations for ages 60-95 years ( Table 3 ). The association between gastric ulcer and DM prevalence was statistically significant for ages 40-69, although the test for heterogeneity was not statistically significant (P = 0.5). The strength of the association of duodenal ulcer with DM prevalence differed slightly by age group (P = 0.13 by chi square test for heterogeneity) ( Table 3A) .
The heterogeneity test showed borderline statistical significance when pooling the ageadjusted OR MH of the associations of H. pylori infection and duodenal ulcer with DM across BMI categories (P = 0.05 and P = 0.08, respectively) (Table 3A-3C) .
Multivariable analysis. In pooled multivariable analyses, the positive associations of H. pylori infection, gastric ulcer and duodenal ulcer, with DM, were slightly attenuated but remained significant: aOR 1.05 (95% CI 1.05-1.10), 1.20 (95% CI 1.06-1.34) and 1.20 (95% CI 1.12-1.28), respectively, after adjustment for age, socioeconomic status of place of residence, country of birth, smoking, BMI, dyslipidemia and hypertension. The results were similar when Multivariable adjusted associations of H. pylori infection, gastric ulcer and duodenal ulcer, with DM, by age and BMI groups, differed slightly across the sub-groups. However, no significant heterogeneity by age group was found. The adjusted association of H. pylori infection with DM was stronger in people with BMI<25 kg/m 2 than in those with BMI !25 kg/m 2 (P = 0.04 by chi square test for heterogeneity); however, for the adjusted associations of gastric ulcer and duodenal ulcer with DM, no significant heterogeneity by BMI was found (P = 0.3) (Table 4A-4C ). An association between gastric ulcer and DM was found in both H. pylori negative persons aOR 1.24 (95% CI 1.06-1.44) and H. pylori positive persons: aOR 1.17 (95% CI 0.98-1.40); P = 0.6 by chi square test for heterogeneity. Similarly, an association between duodenal ulcer and DM was found in both H. pylori negative aOR 1.20 (95% CI 1.10-1.31) and positive persons: aOR 1.25 (95% CI 1.12-1.39); P = 0.5 by chi square test for heterogeneity.
Discussion
In this large population-based study, we assessed associations of H. pylori infection and its related gastroduodenal diseases with DM, among adults aged 25-95 years. To our knowledge, this is the largest study that addressed the role of H. pylori infection in DM. The overall association of H. pylori infection (by UBT) with DM was close to null (aOR 1.05 (95% CI 1.01-1.10)), although this association was stronger in patients with BMI<25 kg/m 2 (aOR 1.17 (95% [8, 16, [26] [27] [28] , while others reported null results [14, 17, 29] or positive associations that became non-significant following adjustment for potential confounders [9, 13, 30, 31] . These discrepancies might be explained, at least in part, by different methods employed across the studies in the detection of H. pylori infection, and in sample size and/or selection of the study population. Also, these studies employed various definitions of DM, some followed the American Diabetes Association criteria [14, 16, 28] . Others used one of several criteria such as reports on anti-diabetic medications, self-report physician diagnosis of DM or fasting blood glucose [8, 9, 15] .
Our findings indicate complex patterns of associations between H. pylori infection and DM, and between peptic diseases and DM. First, the positive associations of gastric and duodenal ulcers with DM were attenuated when controlling for known risk factors for DM such as age, socioeconomic status, BMI, dyslipidemia, hypertension and smoking. The associations did not completely diminish; rather, adjustment had limited impact on the strength of the associations. This suggests that these factors may comprise partial confounders in the association between peptic ulcer disease and DM. Second, we report a possible effect modification by BMI. The association between H. pylori infection and DM became more evident in people with BMI<25 kg/m 2 ; although some variation in the association measure was observed across the BMI/age groups. Testing for heterogeneity by age was mostly not significant. Previous studies also proposed that H. pylori infection and DM might be modified by age and BMI [28, 32] . These observations highlight the importance of large population-based studies for examining an independent role of H. pylori infection, beyond well-known and established risk factors for DM.
The current evidence does not enable determination of causality in the observed associations of H. pylori infection, and gastric and duodenal ulcers, with DM. H. pylori infection might be a marker for unmeasured characteristics. Nonetheless, whether H. pylori is causally related to DM or is simply a risk marker, our observations have public health and clinical importance, and suggest that patients infected with H. pylori and those with peptic disease warrant special attention regarding the prevention of DM.
H. pylori infection is generally acquired in early childhood [33] , several years before the usual onset of DM. H. pylori gastric colonization induces rigorous humoral and cell-mediated immune responses [10, 34] , which do not clear the infection. The inflammation induced by H. pylori might provide a possible explanation for the positive associations observed of H. pylori infection and peptic disease with DM. The predominant human T cell response is the T-helper 1 mediated response, which is associated with releasing proinflammatory cytokines and activation of phagocytes [10, 34, 35] . H. pylori also induces Th2 and T-regulatory (Tregs) responses [10, 34, 35] . Imbalance between Th1 and Tregs responses might induce peptic disease [34, 36] . Our finding of a positive association between peptic ulcer disease and DM suggests that the long-term gastric inflammation and induced-damage to the gastric mucosa are likely involved in the relationship between H. pylori infection and DM. H. pylori-induced inflammation affects gastric physiology. For example, H. pylori affects the levels of pepsinogen (PG) I and PGII; proenzymes of the digestive enzyme pepsin. PGI and PGII are secreted from cells in the corpus and PGII is also secreted from cells in the antrum and duodenum [37, 38] . Serum PGI and PGII are increased in H. pylori infected vs. uninfected individuals, and higher levels are found in those with more severe gastritis [39] . As the severity of gastritis progresses and corpus atrophic lesions appear, the PGI level decreases, while the PGII level remains stable; the result is a decrease in the PGI:PGII ratio [39, 40] . These markers predict various gastric pathologies [39] . A recent study [41] showed significant negative correlations between the PGI:PGII ratio and cardiovascular risk factors among individuals with type 2 DM [41] . H. pylori infection can also affect the regulation of ghrelin and leptin [42] [43] [44] , two hormones that have important roles in energy homeostasis [45] ; both hormones are secreted by the epithelial cells in the stomach [45, 46] . Ghrelin decreases energy expenditure and stimulates weight gain [47] , while leptin reduces appetite and increases energy expenditure [45] . Altogether, these studies suggest that H. pylori can alter gastric physiology, which can in turn affect metabolic homeostasis and the risk of DM.
In the current study, H. pylori infections were detected in 52.0% of individuals who performed UBT. This is comparable with previous data on H. pylori positivity among Israeli adults, as well as the variation observed according to country of birth [21] . However, unexpectedly, the prevalence of the infection (by UBT) was lower in the subgroups of persons aged 50-95 years than in the younger age subgroups; this observation was not explained by country of birth, and suggests possible differences in referrals to UBT by age group. The prevalence of DM (8.3%) is also comparable to previous estimates (8.3-9.5%), despite the use of different criteria to determine DM [48, 49] .
Our study has some limitations. We used data from a large HMO database, which were collected primarily for administrative purposes. The methods of collecting information on variables such as BMI and smoking may vary among medical personnel within the same HMO. Missing information was low for BMI, country of birth and socioeconomic status; yet relatively high (27%) for smoking. In persons with unknown smoking status, the prevalence of H. pylori infection was similar to that in never smokers, and DM prevalence was lower compared to those with documented smoking status. This might have resulted in partial adjustment for smoking.
Our study also has several strengths. First is the use of a large population-base sample. Second is the employment of standard criteria for the classification of DM, which combine results of laboratory tests, purchases of anti-diabetic medications and physicians' diagnoses. Lastly, H. pylori infection was determined based on UBT, which is among the most accurate noninvasive methods for the detection of H. pylori. Since only physicians can refer patients to UBT, our study population most likely represents symptomatic persons.
Conclusions
Significant positive associations of small magnitude were found between H. pylori infection and DM, and between peptic disease and DM, independent of known determinants of DM. The long-term gastric inflammation and associated-damage to the gastric mucosa, as reflected by peptic disease, might play a role in the association between H. pylori infection and DM. Further studies are needed to elucidate the underlying mechanisms of these associations. 
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